ABSTRACT 1
INTRODUCTION 21
Obesity is associated with numerous adverse health and behavioral conditions-even in early 22 childhood [1] [2] [3] [4] [5] . Thus, the prevention of childhood obesity is a public health priority in the 23 United Kingdom (UK). Although rates of obesity in early childhood have shown some 24 improvement in recent years, over 20% of children ages two to four years are currently 25 overweight or obese [6] . Moreover, as in adults, there are persistent social inequalities in the 26 prevalence of obesity [7] [8] [9] . These inequalities have widened in recent years, with children from 27 the lowest socioeconomic groups showing the sharpest rises in obesity [6] . 28 
29
At the same time, food insecurity, also known as food poverty, has emerged as an important 30 social and public health concern in England [10] . Food insecurity, characterized as limited or 31 uncertain availability of (or access to) nutritionally-adequate, safe and socially-acceptable foods 32
[11], has been associated with increased hospitalization, anemia, anxiety and depression, and 33 lower academic performance [12] [13] [14] [15] [16] [17] [18] [19] [20] . A recent United Nations survey of European countries 34 estimated that in the UK over 10% of people ages 15 years and above experienced food 35 insecurity [10] . For just under 5% of people surveyed, food insecurity was severe, meaning they 36 sometimes went without eating for an entire day because they did not have enough money to 37 purchase food [10] . Paradoxically, food insecurity may be a determinant of obesity [21, 22] . 38 
39
The majority of evidence, largely from the United States (US) and Canada, has linked food 40 insecurity with obesity and weight gain in adults. But the experience of food insecurity by 41 children, particularly very young children, has also been associated with obesity in both cross -42 sectional and longitudinal studies [21, [23] [24] [25] [26] . A recent study of children ages two to five years 43 Questions regarding food security were based on those used in a survey previously conducted to 114 assess Head Start program practices [36] ; an early years program within the US Department of 115
Health and Human Services that provides care and education to low-income children and their 116 families. Managers were asked "Do you or your staff feel that some children in your program do 117 not get enough food to eat at home?", with response options including "never or rarely", 118 "sometimes", and "often". For analyses we dichotomized responses as "never or rarely" versus 119 "sometimes" and "often"; we interpreted the latter as evidence of food insecurity within the 120 nursery. While food security among children is typically measured by asking the parent or the 121 primary caregiver, we were interested in assessing the manager's perception of food insecurity 122 and how the nursery responded to their concern. The follow-up question asked "What do you do 123 when you or your staff are concerned that children are not getting enough food to eat at home". 124
Response options included "feed more on Mondays and Fridays to make up for weekends", 125 "keep additional food on hand to feed the child during the day", "give food to the family to take 126 home for the child to eat", "refer the family to Sure Start Children's Centers, social services, or a 127 charity", and "talk to parents", and managers were instructed to mark all that apply. 128
129
We also asked a number of questions about how the nursery was owned and operated (privately 130 owned versus part of a corporation or chain), the number of children within the nursery, and the 131 number of years the nursery has been in operation. Additionally, we asked nursery managers to 132 report their age, sex, highest education (GCSEs, A-levels, National Vocational Qualifications, 133 two-year diploma, degree, or higher degree), years employed by their current nursery, and years 134 of experience in child care. 135
Global statistical analysis 137
We conducted binary logistic regression analyses, examining the odds of a manager perceiving 138 only obesity as a problem among children, perceiving only food insecurity as a problem, or 139 perceiving both as a problem, for each tertile of deprivation relative to those least deprived. 140
Models were adjusted for the total number of children enrolled in each nursery, whether a 141 nursery was privately owned or part of a corporation or chain, and manager level of education 142 (dichotomized as less than a two-year diploma versus a two-year diploma or higher). After 143 adjustment, total number of children made no meaningful difference to the relationship between 144 deprivation tertile and the outcome, and was not significant it its own right, and so was removed 145 from the final model. Additionally, as a sensitivity analysis, we performed multiple imputation 146 with fully conditional specification, with 10 imputations, and which included the outcome and all 147 covariates. Regression results are presented as odds ratios (OR) with 95% confidence intervals 148 (CI), and two-sided p-values. Analyses were conducted using SAS version 9.4 (SAS Institute, 149
Cary, North Carolina, US). 150 151
Local statistical analysis 152
We conducted a logistic geographically weighted regression (GWR) analysis, examining the 153 odds of a manager perceiving both obesity and food insecurity as problems, for each tertile of 154 deprivation relative to those least deprived. Models were adjusted as per our global analyses. 155 GWR predicts nonstationarity in relationships by producing a 'local' parameter estimate for each 156 geographic location (in this case, each nursery) based on a proximal subset of the global data 157 [37] . The GWR equation is as follows: 158
where is the dependent variable at location u, 1 ( ) is an estimate of the regression co-162 efficient for 1 as the product of a distance decay function surrounding location u, and to which 163 this parameter is unique [38] . To model distance decay, our analyses used an adaptive bi-square 164 geographic kernel, with bandwidth determined by Akaike Information Criterion (AIC) 165 minimization to account for the sparseness of nursery locations in some parts of England. 166
Logistic GWR results are presented as mapped ORs with t-values ≥±1.96 indicating statistical 167 significance. Relationships were deemed to exhibit nonstationarity across the study area where 168 the interquartile range of the local estimates for deprivation was more than double the standard 169 error of the global estimate [39] . Goodness of model fit is compared between global and local 170 models using corrected AIC values, where a lower value by more than two points is indicative of 171 better model fit [40] . Analyses were conducted using GWR4.0 (National Centre for 172
Geocomputation, National University of Ireland Maynooth, Ireland), with ORs mapped using a 173 GIS (ArcGIS 10, ESRI Inc., Redlands, CA). 174 175
RESULTS 176

Demographics 177
Of the 2000 nurseries mailed a survey, 202 (10%) were no longer in operation. We excluded an 178 additional 230 (11%) because they were not an early years setting, did not care for children 179 regularly, or did not provide any food to children. Of the remaining 1568 nurseries, 851 (54%) 180 returned a survey. Of those nurseries, four were missing information on tertile of deprivation, 56 181 did not respond to the question on manager education level, and 96 did not respond to the 182 question on nursery ownership, leaving a final sample for the adjusted analysis of 707. Thus, we 183 included only nurseries with complete exposure, outcome, and covariate data in our final sample 184 for analysis. 185
186
Responding nurseries were located throughout England (Figure 1 ), and relatively equally 187 distributed across deprivation tertiles, with 56% in the least deprived, 56% in the middle 188 deprived, and 52% in the most deprived LSOAs [33] . Among the 707 nurseries in our analysis, 189 most nursery managers (96.6%) were women, and had a mean (SD) of 16.9 (9. relative to those in the lowest tertile of deprivation ( Table 2 ). The overall F-test p-value for the 214 tertile effect was <0.001. We did not observe a significant difference comparing the middle to 215 the lowest tertile of deprivation for any of our outcomes. In the fully adjusted multiple 216 imputation model, the estimates changed only slightly but did not change in terms of significance 217 (data not shown). 218 219 
Local associations between obesity and food insecurity as problems, and area 225 deprivation 226
Our adjusted logistic GWR model revealed marked differences over space in the relationship 227 between area-level deprivation and nursery manager perception of both obesity and food 228 insecurity as problems. Figure 2 shows local ORs (quintiles) by nursery location, as well as an 229 inverse distance weighted surface representing these odds. All ORs demonstrated a positive 230 relationship between area-level deprivation and odds of perceiving both obesity and food 231 insecurity as a problem, and were significant (t-values ≥1.96). The observed relationship is 232 stronger in the North of England, and relatively less strong in the South, South-East, and in 233 Greater London. In one area of the North West, we found that a nursery being in the highest 234 tertile of deprivation was associated with 31.67 times greater odds of perceiving both obesity and 235 food insecurity as a problem, compared with a nursery being in the lowest tertile of deprivation. 236
The local model showed better fit than the global model, with marked differences in corrected 237 AIC values (global, 424.7; local, 421.9). These differences exhibited nonstationarity, with the 238 interquartile range for local model estimates 
DISCUSSION 254
In this study of nurseries in England, we found that area deprivation was associated with 255 manager perceptions of obesity, food insecurity, and in particular of both obesity and food 256 insecurity combined. There is some evidence that food insecurity and obesity may co-exist 257 within communities, families, and even within individuals. The underlying mechanism linking 258 food insecurity with obesity include food consumption cycling-overconsumption in times of 259 food abundance to account for anticipated scarcity later [41, 42] -and intake of calorie-dense, 260 nutrient-poor foods, which are economical, palatable and filling but can promote passive 261 overconsumption [43, 44] . While the precise pathways linking food insecurity and obesity in 262 young children are not known, studies suggest that unhealthy dietary intake and inappropriate 263 feeding behaviors may play a role [45] [46] [47] [48] [49] . Bronte-Tinkew et al. [45] observed an indirect 264 association between household food insecurity during infancy and obesity at 2 years, working 265 primarily through parenting and feeding practices in a sample in the US. Feinberg et al [46] , 266 studied 278 mothers and children living in urban US environments and found that food insecure 267 mothers were more likely to give their preschool-and school-age children high-energy 268 supplements and appetite stimulants. In our study, we found that over one fifth of managers 269 reported feeding children more on Mondays and Fridays or keeping additional food on hand at 270 the nursery for hungry children, and these practices were more prevalent in the most deprived 271 areas. These behaviors could in fact contribute to obesity, if managers are feeding children more 272 food whilst in care to compensate for inadequate calories at home. 273
274
We also showed geographic variation in the magnitude of the association between area 275 deprivation and manager perception of both obesity and food insecurity, using a GWR method. 276
There is some precedent for the use of GWR in recent obesity research [39, 50] , however to our 277 knowledge, GWR has not yet been utilized to study the relationship between area deprivation 278 and nursery characteristics in any setting. While the relationships observed were aligned with 279
those from global models, perceptions of nursery managers of both obesity and food insecurity 280 being problems were more closely tied to area deprivation in particular hotspots, for example, in 281 the North of England. The spatial variation in this relationship was masked by the global models, 282 with GWR models exhibiting marked spatial nonstationarity and providing better overall model 283 fit. The diversity in magnitude of associations revealed should also help to drive the research 284 agenda in so far as they necessitate a deeper, region-specific understanding of other contributors 285 to nursery level obesity and food insecurity problems. 286
287
This study has some limitations. Our assessment of obesity was based on manager perception, 288
and not actual measures of children's obesity status. While measured height and weight would 289
have provided more precise information, the purpose of the study was to collect data on a large 290 sample of nurseries across England to inform and guide future research. Findings from this 291 survey will help identify geographic areas of focus for additional research that should include 292 more accurate measures of obesity in children. Similarly, our measure of food insecurity was not 293 based on parent report to reflect food insecurity within the household, which is the standard 294 approach used to identify food insecurity in children. Food security status may not be readily 295 identifiable in young children and manager perception may not reflect actual food insecurity. 296
However, this alleviates some of the social stigma and thus social desirability or response bias 297 associated with parent report of household food insecurity. However, it is possible that perceived 298 food insecurity may underestimate actual food insecurity, if outward signs are not readily 299 apparent in children. 300 301 Additionally, we asked managers to seek input from other child care providers in the nursery, as 302 needed, to complete the survey. Some managers may have sought assistance from child care 303 providers, but others may not have requested this input. While managers likely have a better 304 grasp of practices across the entire nursery, child care providers within the classroom may be 305 better positioned to assess food insecurity due to their proximity to and interactions with 306 children. Geographically weighted regression is also not without limitations, which include 307 issues related to multicollinearity, kernel bandwidth selection and study area edge effects. This 308 study is also limited in its generalizability and thus external validity by the 54% response rate. 309
However, the nursery managers who responded were distributed across England, and response 310 rates were largely similar by area deprivation. We anticipated a lower response rate from 311 nurseries in the most deprived areas, and to reduce potential selection bias we oversampled those 312 nurseries to ensure adequate representation. However, response rates across tertiles of 313 deprivation were similar, so this may not have been necessary. 314
Finally, our study reflects a snapshot of nursery conditions and practices in 2012-13 and did not 316 capture important trends in food insecurity occurring since this time. Although high food price 317 inflation in the UK since 2008 began to moderate in 2012 [51] , household food insecurity is 318 likely to be a large and growing concern. The prevalence of food insecurity is not routinely 319 estimated in the UK, but a report using data from the United Nations estimated that 8.4 million 320 UK residents were food insecure in 2014 [52] . Moreover, the use of food banks in the UK, balanced and nutritious" in the mandatory regulations to help promote healthy eating and prevent 332 obesity [55] . 333 334
CONCLUSIONS 335
In this study assessing food insecurity and obesity in young children, we found that area 336 deprivation was associated with manager perceptions of both obesity and food insecurity, but the 337 relationship was especially pronounced for food insecurity. Recent national efforts call for 338 improved nutrition in early years settings to help prevent obesity in young children [59] . It is also 339 important to consider issues of food insecurity, and the potential for food insecurity and obesity 340 to coexists in young children, when responding to these calls. 341 
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